low.
It is suggested that the low energy APB is produced when helix turns are formed by the condensation of interstitial nickel atoms in an off-stoichiometric layer. The occasional observation of residual displacement fringe contrast supports this view.
Introduction
In deformed Ni3Al, dislocations are predominantly observed to be dissociated into two partials either with collinear ~<1l0> Burgers vector (BV) separated by an anti phase boundary (APB) or with 1/3<11 2> BV' s borderi ng a superl atti ce intrinsic stacking fault (SISF) (for a review, see Pope and Ezz 1984) . However, the former di ssoci ati on mode prevail s duri ng deformati on whereas the 1 atter can be regarded as a by-product of deformation which does not control the intrinsic mobility of dislocations (Veyssiere, Beauchamp and Oouin 1985) .
Provided the dislocation line lies within about 25° of the screw orientation, dissociation into two ~<1l0> BV's occurs by glide on {OOl L The segments with more pronounced edge character exhibit the unusual property of being dissociated by climb if the temperature of the deformation test is high enough to allow for atomic interchange between the partials (Veyssiere, Guan and Rabier 1984, Veyssiere 1984) . Whereas examples of mixed dislocations having undergone diffusi ona 1 spl itting are sel dom at 350 °c, they are systemati ca lly encountered above 650-700° C. Neverthel ess, the di sl ocati on mi crostructure at 650° C sti 11 i ndi cates that screw di sl ocati ons remai n the most sessil e components. At 8000.
C, however, the situation is reversed since the shape of the dislocations lying in the {Jon glide planes now attests to a lesser mobility of the non-screw parts. So far, the well-known increase of strength which occurs in Ni3Al up to 700°C was thought to result only from a cross-slip locking mechanism (Kear • .. , It is likely however, that the situation is more complex (Veyssiere, 1984, Huis in't Veld, Boom, Bronsveld and De Hosson 1985, Paidar 1985) , indeed it is speculated that the rate""CQntrQl1ing role. of cross~slip at room'and intermediate temperatures might be carried over to higher temperatures by the formation of climb locks which give the materials its largest strength. Thus, it appears important to characteri ze and understand cl imb di ssoci ati on iil the Ll2 structure in vi ew of its possible rate-controlling role during deformation.
The present investigation was initiated to help elucidate the process by which a dislocation resulting from deformation at moderate temperature evolves from a glide to a climb dissociated configuration when annealed in-situ in the electron microscope at elevated temperatures. In order to eliminate possible artifacts resulting from the interaction of the dislocations with the free surfaces, reasonably thick samples were examined using a high voltage instrument.
The present paper reports on observations carried out in Ni3Al for which drastically different dislocation responses to annealing have been detected depending upon whether climb is induced by radiation produced interstitials or by thermal vacancies.
Experimental
Polycrystalline parallelepipeds were deformed in compression under an argon atmosphere at different temperatures ranging from room temperature to 800°C. The strain-rate was 2 x 10-5 s-l and deformation was stopped as soon as a deviation from linearity on the stress-strain curve was detected. This provided a moderate density of dislocations in the samples. with limited dislocations reactions. The samples were then sliced at 45° from the compression axis in order to maximize the chances to obtain sections containinq a glide' direction if not a glide system. The slices (0.5 mm thick) were mechanically thinned to 0.1 mm and their faces carefully polished with alumina prior to electropolishing (Veyssiere et. al. 1984 ).
The samples were selected such that they would exhibit large arrays of long screw dislocations. They were subsequently examined in a Kratos EM 1500 high voltage electron microscope operating between 300 kV and 1.5 t~V using a double-tilt heating stage capable of raising the temperature of the sample to 850~C. The specimen chamber vacuum vari ed with the ho1 der temperature, and was initially in the range 3-7 x 10-7 mPa. Subsequent modifications to the system improved the minimum pressure to 7 x 10-8 mPa.
The annealing sequences were continuously recorded on a video tape via a video camera mounted below the column. Additional analyses of the samples were performed with a JEOL 200 CX and a Siemens 102 operating at 200 kV and 100 kV respectively.
Thermal Dislocation Climb

Observations
Preliminary experiments established the threshold voltage for displacement Vt in Ni3A1 to be 320 + 10 kV. The procedure for determining Vt consisted of submitting an area containing loops formed by irradiation at 61~C to further irradiation with a fully focussed condenser lens and observing the voltage at which they would continue growing within a time of 30 minutes.
At operating voltages below Vt, the evolution of the dislocation substructure depends only on the specimen temperature, with significant changes ~ occurring at 750°C over the course of an hour. Since the object was to observe the influence of climb dissociation on dislocations, the experiments were generally conducted on individual screw dislocations. Ideally, the transition.
from a glide to a climb-split mixed or edge segment would be the most relevant phenomenon ·to look for. However, the deformation microstructure introduces specific constraints and prevents this case from being studied. Indeed, at temperatures where lengths with such orientations are created to a sufficiently large extent, they are already dissociated by climb, thus moderate evolution, if any, would be expected during subsequent in-situ annealing experiments.
When dislocations are not climb dissociated, i.e. at low and moderate temperatures, they appear in the form of bowed mixed segments within a very large density of long nearly screw dislocations, but the mixed segments are generally too short to provide significant information.
A sequence of micrographs illustrating evolution of the dislocation microstructure during annealing at 750°C is pres~nted in Fig." Secondly, when they belong to dipoles which are wholly contained in the foil, the closing mixed segments (i.e. the dislocation(s) that join a dipole at its end(s)) undergo viscous glide under the effect of the back force that tends to reduce the total line energy. The motion of the screws one toward the other is also detectable and occurs at a rate compa rab 1 eto that of the closing segment (8) . This points to the fact that screw dislocations are rather sessile in Ni3Al up to 750°C, but the reason for this is related to the ki nki ng process descri bed below rather than any process connected to cross slip. Thirdly, the remaining screw dislocations turn progressively into kinked ones with mixed parts (y). Only the last process will be detailed here ."
. .
i -9-unfaulted loops resulting from irradiation at 650 kV has already been determined by Liu and Mitchell (1982) ; these experimental results are reproducible at any voltage above 400 kV .. It was also observed in the present study that the loop nucleation rate in the matrix was sensitively dependent on the specimen chamber vacuum. In 1 ater experiments performed in a vacuum of 7-12 x 10-8 mPa, loop nucleation at higher temperatures was almost suppressed, providing further confirmation of the importance of residual gas in the specimen on secondary defect formation (Glowinski 1976).
As far as cl imb of prexi sting screw di sl ocati ons is concerned no effect is apparent up to 60~ C even after an irradiation time of ~ hou~ whereas numerous individual loops may form in the matrix. At 630°C, the evolution is slow but it can be accelerated by fully focussing the condenser lens. 650° C is the temperature at which the observation conditions are optimized. Also listed in Table 1 , are the planes containing two consecutive segments;
these are just indicati,ve of one possible APB combination. Because the structure factors of the superlattice reflections are not appropriate to allow for detailed APB imaging in Ni3Al, the geometrical details of the associated APBls could not be determined. Neverthel ess, the topography of the APB bounded by the superpartials can be visualized 'readily with a model such as that depicted
in Fig. 7 which shows that the climb configuration can adopt a specific APB plane only during the later stages of asymmetrical growth. Figure 8 shows a climb sequence of a widely extended inclined helix which confirms that the -turns appear to be constrained to be in the (110) plane normal to the BV.
Although these experiments were conducted almost exclusively on screw dislocations, there were instances where irradiation-induced climb of mixed segments was identified. In these, the elementary steps which transform the glide dissociated configuration into a climb one have not been elucidated yet.
However, it has been repeatedly observed that after some incubation time,whereas one-partial remains located almost at the same place, its companion moves . .
• away undergoing extensive climb (Fig. 9) . Surface effects seemed to playa dominant role in the examples we have observed since the moving partial tends to reduce its length instead of climbing parallel to its initial direction, the dislocation orientates itself to have the shortest possible length in the climb plane and foil. The details of the climb process (climb plane, further relaxation of both the second partial and the APB, etc.) are still matters of investigation. However, these observations are worthy of' mention in the present context since, again, there is a striking difference in behaviour between the two superpartials as if increasing the APB surface were the easiest response of the system to its need to absorb the excess interstitials.
The present irradiation-induced climb experiments were reproducible to such a degree that the change of 7-9nm split dislocations into either dramatically widened planar configurations or helix turns was easily foreseeable.
These changes were 1 ater used to determine the mi xed or screw nature of the dislocation lines respectively. An example of an initially bent segment having undergone both evolutions according to the dislocation character is shown "in figure 10.
Discussion
One of the interesting questions arising from these observations is the The observations we have made are all consistent with the fact that the edges of the helices produced by irradiation are systematically oriented along well-defined specific crystallographic directions, all of which lie in {llD planes (Table 1) . This is entirely consistent with the shape of the APB loops favoured in the matrix, and strongly indicates that a further dissociation of the ~ <110> dislocation segments into two 1/6<112> partials lying in a common 011} plane is occurring. Thus, the rationalisation of the rhombus loop geometry first advanced by Hudson and Makin (1963) and verified in a number of subsequent studies on Al alloys including the observation of angular helical dislocations in A1-Mg, (K.H. Westmacott 1959, unpublished results) is apparently also valid for Ni3Al.
The equilibrium shape of an edge loop lying on a {1l0} plane has been calculated using the ~rocedure recently developed by Hazz1edine, Karntha1er
and Korner (1984); the prediction for the anisotropic elastic constant case appropriate to Ni3A1 is not at all consistent with our experimental findings.
However, the calculations are for equilibrium shapes, whereas the present configurations were formed under conditions far from equilibrium.
Although the climb configurations are termed helices, they differ in a number of respects from the regular, symmetrical examples found in quenched metals. First, it is clear that they grow asymmetrically since no intersection with the unc1imbed companion is observed. Secondly, growth of the helices occur in two stages. Initially, turns nucleate and grow at widely separated places on the screw dislocation rather than in the uniform manner than would give rise to a continuous smooth helix. At this stage the line segments of a turn are approximately symmetrically oriented relative to the axis as shown in Fig. l1(a) where the mean (110) plane of the turn is shown dashed. During subsequent growth, preferential climb of the B segment occurs to allow both the APB and interstitial plate to lie on the preferred (110) plane (Fig. ll(b) ).
This must be the case since the turns grew in some instances up to l~m in extent without intersecting the foil surfaces.
As far as climb of initially mixed segments is concerned, the same argument holds to explain the distinctive behaviour that each superpartial undergoes under irradiation. On the basis of the stress field around the climb split configuration, one would expect interstitials to condense evenly on both partials since it is unlikely that one of the partials could be a favoured interstitial sink particularly when the initial dissociation width is already 7 to 10 nm; but if one is favoured, the greater thei r separati on after some cl imb has proceeded, the closer their climb rates should be. Unless some change happens at the APB itself, the correlation motion of the partials is reinforced by the presence of the APB, since their repulsive interaction necessa ril y ba 1 ances the constant spri ng force that the APB exerts on them.
Thus, again, the present observations of a dramatic climb asymmetry of the partials having a mixed character supports the idea that the APB energy is significantly lowered by a local compositional change.
Conclusions
At 750°C, below Vt screw dislocations in Ni3Al reorient to allow climb • -21-• 500nm.
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